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Objective: To investigate whether a low body mass index (BMI) has a significant relationship with 
mandibular bone porosity progression by conducting a mandibular inferior cortex (MIC) classification in 
elderly Japanese people. Material and Methods: A total of 266 study subjects, aged 70 at baseline, were 
recruited for this study, conducted from 1998 to 2007. The subjects were divided into two groups according 
to changes in the MIC on serial panoramic radiographs during this nine-year study period: a no change 
group (MIC-NC) and a change group (MIC-C). All subjects in the MIC-C showed changes trending toward 
greater fragility. We evaluated the BMI at baseline. Logistic regression analysis was performed to assess 
the relationship between the MIC condition during the nine-year period (0: MIC-NC, 1: MIC-C) and BMI 
(kg/m2) adjusted for gender, current health status (CHS), and smoking habit (SH) at baseline. Results: The 
mean and standard deviations of the BMI at baseline in the MIC-NC and MIC-C were 22.8 ± 2.1 and 21.8 ± 
2.5 kg/m2 for males and 23.1 ± 2.9 and 21.9 ± 2.4 kg/m2 for females. There was a significant relationship 
between the MIC condition and the BMI in both males (p=0.04) and females (p=0.01). The logistic 
regression analysis revealed a significant association between the MIC condition over the nine-year period 
and the BMI (OR=0.84, p=0.003), which was adjusted depending on the gender (OR=5.18, p=0.000), CHS 
(OR=0.53, p=0.015), and SH (OR=4.15, p=0.002) at baseline. Conclusion: A low BMI carries a risk of 
developing mandibular bone porosity by measuring the MIC condition in panoramic radiographs. 
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Osteoporosis and the fractures associated with it have become public health problems worldwide. 
Researchers have shown that the risk of osteoporosis or fragility fractures increases with advancing age in the 
elderly [1]. One out of three women and one out of five men aged 50 or above will suffer a fragility fracture in 
their remaining lifetime [2]. The problem becomes more difficult to overcome because of the characteristics of 
osteoporosis, which can occur before any symptoms become visible. It has been suggested in several studies 
that many women who sustain a fragility fracture are not appropriately diagnosed and treated for probable 
osteoporosis [3,4]. Further, osteoporotic fractures are associated with considerable morbidity, increase the risk 
of mortality, and indicate a significantly heightened risk of additional fractures. Therefore, it is necessary to 
investigate the risk factors for bones becoming porous to prevent fractures related to osteoporosis. 
One of the risk factors for osteoporosis is body mass index (BMI). Many investigators have reported 
that a low BMI is an important risk factor for bone fragility, whereas being overweight or obese appears to 
protect against osteoporosis [5,6]. From a public health perspective, the situation becomes even more 
complicated because being overweight or obese is well documented as a risk factor for increased morbidity 
from diabetes, hypertension, and cardiovascular diseases and is also associated with increased mortality [7,8]. 
Although previous cross-sectional studies have investigated the relationship between the BMI and the local 
quality of mandibular bone, for example, in 136 elderly people aged 52–86 [9], it is necessary to conduct a 
longitudinal study that restricts the age of the subjects to include a larger number of healthy elderly males and 
females. This will facilitate the exploration of the risk factors for BMI as being related to mandibular bone 
porosity. 
Many diagnostic instruments are available for assessing bone mineral density (BMD). Some use high 
levels of radiation, are relatively expensive, and are applied to confirm a diagnosis in patients with osteoporosis 
symptoms rather than screening healthy elderly people. Furthermore, those instruments are not often used 
routinely by dentists in their clinics. On the other hand, panoramic radiographs are frequently taken before or 
during dental procedures as diagnostic tools to examine teeth and jaws in general dental practice worldwide. 
Some researchers have suggested that mandibular inferior cortex (MIC) classification using panoramic 
radiographs, initially devised by Klemetti et al. [10], is effective in women who are at high risk for 
osteoporosis [11]. It was concluded in some recent studies that the MIC classification is reliable and that using 
dual-energy X-ray absorptiometry (DEXA) as a gold standard, it achieves a significant diagnostic accuracy in 
identifying postmenopausal women with a low BMD [12]. Previously, we demonstrated that MIC 
classification has a significant relationship with bone stiffness on the os calcis [13] and total serum calcium in 
the blood [14], as well as bone metabolic markers like serum bone-specific alkaline phosphatase as a bone 
formation marker and urinary N-telopeptide cross-links of type I collagen as a bone resorption marker [15]. 
Therefore, the MIC classification scheme can be considered to reflect bone loss during general bone 
metabolism. The purpose of this nine-year cohort study was to investigate whether a low BMI has a significant 
relationship with the progression of mandibular bone porosity in elderly people. 
 
Material and Methods 
Subject Sampling 
The materials and methods of this study were described previously in other studies [13-15]. A 
baseline study was conducted in 1998, in which 4,542 citizens (2,099 men, 2,443 women), aged 70, registered in 
Niigata Prefecture, were sent a written request to participate in the survey. Of the 3,695 subjects who agreed 
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to participate in the survey, and considering the availability of resources, 600 people were randomly selected 
with approximately the same number of males and females. Finally, a follow-up study took place in the ninth 
year. Of the 600 subjects, 27 did not provide information on their BMI and 272 dropped out. Seven people were 
excluded because they did not want to undergo dental panoramic radiography, and 28 pairs of radiographs 
were excluded because the images of the MIC were not qualified either at baseline or in the final year. Thus, a 
total of 266 subjects (136 men, 130 women) participated in this study. None of the subjects received any special 
nursing care during the study period. All subjects were healthy and living independently. The examination 
protocol used was reviewed and approved by the Ethics Committee of the Faculty of Dentistry, Niigata 
University. 
 
Measurement of Mandibular Bone Porosity 
To measure the mandibular bone porosity, we used the MIC on panoramic radiography. All panoramic 
radiographs were obtained using a Super Veraview X500 (Morita Co., Tokyo, Japan) at 5–10 mA for 15 s, at a 
voltage of 60–80 kV. We used speed group 200 screens (HG-M and UR-2 film; Fuji Photo Film Co., Ltd., 
Tokyo, Japan). Measurement of the MIC classification was determined by observing the MIC distally from the 
mental foramen on one or both sides. If there was a different classification in porosity between the sides, the 
MIC classification was measured from the most severe classification. The results were divided into three 
groups (C1–C3) according to the method of Klemetti et al. [10] (Figure 1). 
 
 
Figure 1. Mandibular inferior cortex classification on panoramic radiography. A. Normal cortex (C1): 
the endosteal margin of the MIC was smooth and even on both sides. B. Mildly to moderately eroded 
cortex (C2): the endosteal margin showed semi-lunar defects (lacunar resorption) with the formation of 
endosteal cortical residues, one to three layers thick on one or both sides. C. Severely eroded cortex 
(C3): the MIC is porous with dense endosteal residues on one or both sides. 
 
To measure the condition of the MIC over the nine-year study period, the results of the MIC 
classification measurement were divided into two groups: those whose MIC classification did not change and 
those whose MIC classification changed from MIC C1 to MIC C2 or from MIC C2 to MIC C3 (MIC 
condition). 
When the observer first conducted a study on the MIC classification, another researcher trained the 
observer in using the MIC classification. One hundred randomly selected panoramic radiographs were 
reanalyzed within at least 1.5 months between observations. The kappa values for intra- and interobserver 
agreement were 0.82 and 0.72, respectively. Based on the guidelines of the interpretation of kappa statistics 
performed by Landis and Koch [16], the kappa values for intra- and interobserver agreement were in the 
categories of “almost perfect” and “substantial,” respectively. The observer was one of the authors. 
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To calculate the BMI, we used the subjects’ heights and weights measured to the nearest 1 mm and 
0.1 kg, respectively. The BMI was calculated as weight (kg) and divided by the square of the patient’s height 
(m2). 
To obtain subjects’ data on gender, smoking habit (SH), and current health status (CHS), we used the 
Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) subscale questionnaire. This 
questionnaire is used to assess functional capacity in older patients. The ability to perform a given function is 
indicated by an answer of “yes” or “no.” The highest score on the TMIG-IC subscale is 13 points [17]; the 
mean score on this subscale of the subjects in this study was 11.9 ± 1.4 points. This assessment pointed to a 
high level of competency among the study participants. 
 
Data Analysis 
Statistical analysis of the MIC condition took place over nine years, and the BMI at baseline was 
evaluated using Student’s t-test. Logistic regression analysis was performed to assess the relationship between 
the MIC condition over nine years and the BMI at baseline. The MIC condition was set as the dependent 
variable (0: those whose MIC classification did not change during the nine-year study period, 1: those whose 
MIC classification changed during the nine-year study period), whereas the BMI at baseline (kg/m2), gender 
(0: male, 1: female), SH at baseline (0: never smoked, 1: past or current smoking), and CHS at baseline (0: not 
good, 1: normal or feeling good) were set as the independent variables. The level of significance was set at 
p<0.05 for these tests. All calculations and statistical analyses were performed using the STATA software 
(StataCorp LLC, College Station, TX, USA). 
 
Results 
Significant differences between males and females were observed in the MIC condition (p<0.005), 
smoking habits (p<0.001), and current health status (p<0.05). On the other hand, no significant differences in 
the Body Mass Index at baseline were found between the two genders (Table 1). 
 
Table 1. Distribution of participants according to MIC classification, BMI, smoking 
habit and health status. 
 Gender  
Variables Male Female p-value 
 N N  
Mandibular Inferior Cortex Classification    
No Change 108 82 <0.005* 
Change 28 48  
Body Mass Index at Baseline 22.5 ± 2.2 22.5 ± 2.7 >0.05# 
Smoking Habit    
No 86 129 <0.001* 
Yes 50 1  
Current Health Status   <0.05* 
Not Good 51 31  
Normal 78 86  
Good 7 13  
*Chi-square test; #Student’s t-test. 
 
The measurement of the MIC classification is shown in Table 2. C1, C2, and C3 in 1998 and 2007 
were 127 (93.4%), 9 (6.6%), 0 (0%), 99 (72.8%), 37 (27.2%), and 0 (0.0%) for males and 68 (52.3%), 62 (47.7%), 0 
(0.0%), 27 (20.8%), 96 (73.8%), and 7 (5.4%) for females, respectively. The percentages of MIC classification C1 
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were decreased, whereas the percentages of MIC classification C2 were increased in both males and females 
during the nine-year study period. MIC C3 was only found in female subjects during the final year. Subjects 
whose MIC classification changed from C1 to C2 or from C2 to C3 were 20.6% for males and 36.9% for 
females. We found significant differences in the distribution of MIC classifications between 1998 and 2007 
among both males and females (p>0.05). 
 
Table 2. Distribution of the MIC classification in male and female subjects. 
 Mandibular Inferior Cortex Classification  
Gender C1* C2** C3*** Total p-value 
 N (%) N (%) N (%) N (%)  
Males      
C1* 99 (77.9) 28 (22.1) 0 (0.0) 127 (93.4) <0.001# 
C2** 0 (0.0) 9 (100.0) 0 (0.0) 9 (6.6)  
C3*** 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  
Total 99 (72.8) 37 (27.2) 0 (0.0) 136 (100.0)  
Females     <0.001# 
C1* 27 41 0 (0.0) 68 (52.3)  
C2** 0 (0.0) 55 (88.7) 7 (11.3) 62 (47.7)  
C3*** 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  
Total 27 (20.8) 96 (73.8) 7 (5.4) 130 (100.0)  
*Normal MIC; **Mildly to Moderately Eroded MIC; ***Severely Eroded MIC; #Student’s t-test. 
 
The mean and standard deviation values for the BMI at baseline in those whose MIC classification did 
not change and those whose MIC classification did change during the nine-year study period were 22.8 ± 2.1 
and 21.8 ± 2.5 kg/m2 for males and 23.1 ± 2.9 and 21.9 ± 2.4 kg/m2 for females, respectively (Figure 2). The 
mean values of the BMI at baseline were significantly higher among males (p=0.04) and females (p=0.01) in 
the group whose MIC grade did not change for nine years compared to the group whose grade increased. 
 
  
Figure 2. Mean body mass index (BMI) score at baseline for males and females by group according to 
no change or change in the MIC condition. 
 
The results of the logistic regression analysis are shown in Table 3. The baseline was lower in the 
group whose MIC grade remained unchanged. The results showed that a higher BMI at baseline (OR = 0.84, 
p=0.003) was strongly correlated with protective measures against a change in MIC over the nine-year study, 
after it was adjusted for gender (OR = 5.18, p=0.000), current health status (OR = 0.53, p=0.015), and smoking 
habit (OR = 4.15, p=0.002) at baseline. 
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Table 3. Results of the logistic regression analysis using the MIC condition as a dependent variable. 
Mandibular Inferior Cortex 
Classification 
Odds Ratio Standard Error 95% CI p-value 
Body Mass Index at Baseline 0.84 0.05 0.75–0.94 0.003 
Gender 5.18 2.04 2.4–1.20 0.000 
Smoking Habit 4.15 1.87 1.72–10.05 0.002 
Current Health Status 0.53 0.14 0.31–0.88 0.015 
Pseudo-R2    0.116 
 
Discussion 
This is the first longitudinal study investigating the relationship between the BMI at baseline and 
mandibular bone porosity by measuring the MIC condition. This study demonstrates that the BMI at baseline 
is significantly associated with mandibular bone porosity (Figure 2). Subjects with a lower BMI at baseline 
exhibited MIC changes trending toward porosity more significantly than those with a higher BMI. These 
results are concordant with previous cross-sectional studies showing that obese people have higher mandibular 
BMD than nonobese people [6]. Some investigators explained that this occurs because of a gravitational effect 
caused by increased body weight [18] or because obese individuals have a heavier skeleton and a larger 
amount of fat in their bodies and are less predisposed to osteoporosis compared to nonobese individuals [19]. 
Therefore, this nine-year cohort study suggests that a lower BMI at baseline is one of the risk factors for 
mandibular bone porosity progression upon measuring the MIC condition in panoramic radiographs. 
There were no significant differences between males and females in terms of BMI at baseline (Table 
1), but we found that the distribution of MIC classifications at baseline in males was dominated with C1 
(normal cortex), whereas in females, MIC C1 and C2 had slightly different prevalence rates. Furthermore, 
subjects whose MIC classifications changed from C1 after nine years were more often female than male (Table 
2). In addition, logistic regression analysis confirmed that females were at a higher risk for a change in the 
MIC. These results are in accordance with other reports suggesting that fractures' overall prevalence is higher 
in females than in males [13,20]. Regarding the MIC classification, some investigators reported significant 
differences in MIC results between both genders [13,14], consistent with this study's results. 
The logistic regression analysis results showed that a higher BMI at baseline was correlated with a 
change in the MIC over the nine-year study period. Furthermore, the results showed that subjects whose MIC 
classification changed were 5.18 times more likely to be females than males. Conversely, subjects with a past or 
current SH were 4.15 times more likely to have a changed MIC classification relative to subjects who did not 
smoke. Smoking is known to be a risk factor for osteoporosis [21]. However, some researchers reported no 
strong evidence or a negative correlation between cigarette smoking and BMD measurements of the mandible 
[22]. We herein reported a positive correlation between SH and mandibular bone porosity after nine years of 
study. These findings might be considered a reminder of the long-term dangers of smoking on health in elderly 
people. 
These findings have important implications from a public health point of view. Our study was 
conducted on mandibular bone, and even though the association between BMI and osteoporosis has been 
studied [23], this study was still necessary because DEXA is used as a gold standard for diagnosing 
osteoporosis. In elderly people, a higher BMI is more likely to protect against acute injury from traumatic 
events, such as falls. There are lower osteoporosis rates in obese individuals, resulting from fatty tissue 
synthesis of estrogens and greater weight-bearing-related bone formation. Furthermore, elderly people with 
higher BMI values are more likely to have a better nutritional status and functional capabilities [24].  
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Given that several investigators have reported the benefits of a higher BMI in elderly people, lower-
BMI groups should, therefore, be a clinical target population in whom to address bone loss. Research has 
shown that a low BMI is associated with mortality even when controlling for a wide variety of measures, such 
as baseline illness, including short-term unintended weight loss [25]. For dentists who have a series of 
panoramic radiographs, if they observe the condition of the mandibular bone in the elderly as porous, especially 
if evolving from MIC C2 to MIC C3 (i.e., MIC condition change), such can be used as a consideration in the 
management of selected patients, especially related to systemic osteoporosis. Furthermore, if that patient is 
female or has other risk factors of osteoporosis, such as smoking and/or a BMI lower than 21.8 ± 2.5 kg/m2 for 
males or 21.9 ± 2.4 kg/m2 for females, we should refer these patients to a medical professional to undergo an 
examination of osteoporosis in order to prevent fractures related to this condition. 
This study has several limitations that need to be taken into consideration. All subjects were in good 
general health and had a high TMIG-IC score. Our sample could have been biased by the exclusion of subjects 
who did not meet these criteria. Data on exercise activities and history of medication use were also not 




A low body mass index is a risk factor for developing mandibular bone porosity by measuring the 
mandibular inferior cortex condition in panoramic radiographs. 
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